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WhAT DiD i Do?
I investigated the effects of heat stress and nutri-
tion strategies on gastrointestinal and associated 
systemic disturbances during endurance running. I 
aimed to identify the effect of heat stress on gastro-
intestinal perturbations during prolonged running 
and subsequently explore the effectiveness of nutri-
tion prevention strategies.
Why DiD i Do iT?
Gastrointestinal disturbances are common during 
endurance running events affecting ≥60% of 
athletes and may contribute to impaired nutrition 
intake, poor performance and withdrawal from 
competition.1 2 The greatest prevalence of gastro-
intestinal and associated systemic disturbances 
(eg, endotoxaemia and cytokinaemia) has been 
reported during endurance running (≥2 hours of 
running at ≥60% maximal oxygen uptake (VO2max)) 
events held in the heat.1 No studies had previ-
ously explored the effects of heat exposure during 
endurance running on gastrointestinal symptoms 
and/or in conjunction with gastrointestinal integ-
rity, systemic endotoxaemia and cytokinaemia. 
Further, research on prevention strategies targeting 
the underlying primary mechanisms, such as 
hyperthermia and splanchnic hypoperfusion, was 
lacking.
hoW DiD i Do iT?
In a randomised cross-over design, healthy endur-
ance-trained amateur male and female athletes 
(n=10–12 for each study, mean±SD age: 33.5±7.1 
years, VO2max: 55.3±6.5 mL/kg/min) completed 
2 hours of running at 60% VO2max under different 
ambient conditions or nutrition interventions 
while running in the heat (figure 1).3–6 Studies 1 
and 2 investigated gastrointestinal perturbations in 
response to running in 35°C and 30°C compared 
with 22°C, respectively.5 6 Studies 3 and 4 explored 
the effectiveness of frequent cold water intake 
(addressing hyperthermia) and carbohydrate or 
energy-matched protein intake (adressing splanchnic 
hypoperfusion) in preventing gastrointestinal 
perturbations during running in 35°C.3 4 Gastro-
intestinal symptoms were measured using a Likert-
type rating scale, and pre-exercise and post-exercise 
blood, urine and faecal samples were collected to 
determine gastrointestinal integrity (eg, small intes-
tine permeability, intestinal epithelial injury and 
intestinal inflammation), systemic endotoxin and 
cytokine profile.3–6
WhAT DiD i finD?
Heat exposure (eg, 30°C and 35°C) during prolonged 
submaximal running increased intestinal epithelial 
injury, gastrointestinal symptoms and cytokinaemia 
compared with running in 22°C.5 6 However, heat 
exposure did not affect small intestine permeability 
or intestinal inflammation (figure 2).5 6 I observed 
substantial and sustained gastrointestinal perturba-
tions, including perturbations to endotoxin profile, 
in participants who ran in 35°C compared with those 
who ran in 30°C.5 6 Increases in rectal temperature 
during running were positively correlated with 
intestinal epithelial injury, gastrointestinal symp-
toms and cytokine responses suggesting that hyper-
thermia may contribute to these gastrointestinal 
and systemic disturbances.5
In regard to preventing gastrointestinal pertur-
bations, consumption of water at a temperature of 
0°C and 7°C during running in 35°C attenuated the 
rise in rectal temperature, but only showed trends 
for modest reductions in intestinal epithelial injury 
and upper gastrointestinal symptoms compared 
with water consumption at a temperature of 22°C.3 
figure 1 A study participant running on a treadmill 
during initial VO2max testing.
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In contrast, carbohydrate and energy-matched protein intake 
during running in 35°C abolished intestinal epithelial injury and 
reduced small intestine permeability compared with when only 
water was ingested.4 Ingestion of carbohydrate also reduced 
post-exercise plasma interleukin-6 and increased antiendotoxin 
antibodies compared with water intake,4 whereas ingestion of 
protein increased the incidence and severity of gastrointestinal 
symptoms compared with both carbohydrate and water intake.4
WhAT Are The mosT imPorTAnT PrACTiCAl 
APPliCATions?
 ► I established a link between heat exposure during prolonged 
running, hyperthermia, gastrointestinal symptoms and intes-
tinal epithelial injury in amateur endurance-trained male and 
female athletes.
 ► The most effective strategy to support gastrointestinal 
health in these amateur athletes during endurance running 
in the heat was regular carbohydrate (ie, 15 g every 20 min) 
consumption.
 ► In conjunction with carbohydrates, regular water intake in 
the range of 0°C–7°C during running in the heat may be 
a beneficial strategy to attenuate thermoregulatory strain, 
support gastrointestinal health and reduce upper gastroin-
testinal symptoms in some amateur athletes.
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figure 2 Analysing faecal samples in the laboratory.
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